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INTRODUCTION
Escalating global change is increasing the urgency of quests to
unravel the relative roles played by a multitude of factors in
structuring biological communities. Invasion biology has tried
to explain the factors that determine why some, but not all,
introduced species establish invasive populations. Some broad
patterns have emerged: species tend to invade in regions with
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ABSTRACT
Aim Charles Darwin posited that introduced species with close relatives were less
likely to succeed because of fiercer competition resulting from their similarity to
residents. There is much debate about the generality of this rule, and recent
studies on plant and fish introductions have been inconclusive. Information on
phylogenetic relatedness is potentially valuable for explaining invasion outcomes
and could form part of screening protocols for minimizing future invasions. We
provide the first test of this hypothesis for terrestrial vertebrates using two new
molecular phylogenies for native and introduced reptiles for two regions with the
best data on introduction histories.
Location California and Florida, USA.
Methods We performed an ordination of ecological traits to confirm that
ecologically similar species are indeed closely related phylogenetically. We then
inferred molecular phylogenies for introduced and native reptiles using sequence
data for two nuclear and three mitochondrial genes. Using these phylogenies, we
computed two distance metrics: the mean phylogenetic distance (MPD) between
each introduced species and all native species in each region (which indicates the
potential interactions between introduced species and all native species in the
community) and the distance of each introduced species to its nearest native
relative – NN (indicating the degree of similarity and associated likelihood of
competition between each introduced species and its closest evolutionary
analogue). These metrics were compared for introduced species that established
and those that failed.
Results We demonstrate that phylogenetically related species do share similar
ecological functions. Furthermore, successfully introduced species are more
distantly related to natives (for NN and MPD) than failed species, although
variation is high.
Main conclusions The evolutionary history of a region has value for explaining
and predicting the outcome of human-driven introductions of reptiles.
Phylogenetic metrics are thus useful inputs to multi-factor risk assessments,
which are increasingly required for screening introduced species.
Keywords
Alien species, biological invasions, competition, Darwin’s naturalization
hypothesis, novel species, phylogenetic distance, phylogeny.
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similar climates (Bomford et al., 2009; van Wilgen et al.,
2009), when they are released from their natural predators
(Elton, 1958; Strong et al., 1984; Mack et al., 2000), and when
a large number of individuals are introduced to the new region,
multiple times (Lockwood et al., 2005; Duggan et al., 2006;
Reaser et al., 2008; Simberloff, 2009). However, these variables
may be difficult to quantify, and very few authors have
provided a practical means for predicting which species are
likely to become established. Consequently, measures that are
easy to quantify and provide robust predictions are required
(Ricciardi & Mottiar, 2006). One issue that has long intrigued
ecologists in this regard is the importance of resident biota in
mediating the openness of ecosystems to new members. The
presence of closely related species may be beneficial (i.e.
facilitating) if it provides the opportunity for mutualistic
relationships (such as pollination; Richardson et al., 2000). It
may also indicate the presence of relevant resources (a suitable
‘niche’) (Webb, 2000; Duncan & Williams, 2002). However,
closely related species may be host to diseases or sustain
predator populations that would also likely infect or prey on
the new introduced species (Mack, 1996). Furthermore,
similarity between species increases the likelihood of compe-
tition for shared resources (Darwin, 1859).
Charles Darwin was one of the first to consider the
implications of native biota for mediating the establishment
success of introduced species when he showed that trees
introduced to North America were more likely to establish and
proliferate if they belonged to genera other than those that
occurred naturally in the United States (Darwin, 1859). He
concluded that introduced species with close native relatives
were less likely to succeed in new environments because of
fiercer competition arising from their similar life histories and
ecologies. This pattern has been supported as well as refuted in
recent literature, and determining the spatial, temporal and
taxonomic scales at which the pattern is observed is currently
of great interest (e.g. Duncan & Williams, 2002; Strauss et al.,
2006; Diez et al., 2008). Tests of ‘Darwin’s naturalization
hypothesis’ sensu Daehler (2001) have however been inconsis-
tent (Thuiller et al., 2010). Procheş et al. (2008) summarize
four approaches implemented to test for phylogenetic patterns
in invasions that have been loosely grouped under the umbrella
of tests of ‘Darwin’s naturalization hypothesis’. In each of these
approaches, a different underlying hypothesis is tested. The
first focuses on the region to which species are introduced and
compares the number of successfully introduced species with
and without native counterparts belonging to the same genus
[e.g. Darwin (1859) who found a negative association between
presence of congeners and established species]. The second
focuses on the pool of non-indigenous species available to be
introduced and tests whether the naturalized species are a
random sample from this pool or whether successful species
are biased by indigenous congeners in the new region [e.g.
Rejmánek (1996), who found support for Darwin’s findings].
The third type of study focuses on the success of species
relative to the presence of congeners and tests whether
successfully introduced species are more likely to have
congeners in the new range than species that are introduced
but fail to establish. An example is provided by Ricciardi &
Mottiar (2006), who in exploring the role of native species in
mediating the success of fish introductions, found no evidence
in support of or against the naturalization hypothesis (i.e.,
ratios of shared and unshared genera were similar for failed
and successful introductions). Finally, a fourth approach
expands on the previous one by incorporating phylogenetic
branch length as a measure of relatedness, testing whether
successfully or unsuccessfully introduced species have closer
relatives in the new range. Strauss et al. (2006) were the first,
and until now the only study as far as we know, to incorporate
phylogenetic information in a test of this kind.
There has been a significant taxonomic bias in previous tests
of Darwin’s naturalization hypothesis, with all studies besides
Ricciardi & Mottiar (2006) focusing on plants and none on
terrestrial vertebrates. Here, we provide the first test of
Darwin’s naturalization hypothesis for terrestrial vertebrates.
We aim to determine whether the presence of close relatives
influences reptile establishment for species introduced to
California and Florida and whether this might be useful for
explaining and predicting species invasions. Advances in
molecular techniques and increased availability of DNA
sequence data over the last decade have made it feasible to
construct a molecular phylogeny spanning all reptile groups in
California and Florida, including species introduced to these
regions through human activity in the past century. We chose
California and Florida because both regions have received
many introductions, and because the fate of these introduc-
tions has been well documented (Kraus, 2009).
Testing Darwin’s naturalization hypothesis is especially
important for reptiles, as their importance as pets and as
invasive species is increasing rapidly world-wide (Kraus, 2009;
van Wilgen et al. 2010). Sound ecological information on
which to base objective decisions for risk assessment is urgently
needed. This should preferably be obtainable from existing and
widely available sources, because it is impractical to conduct
field research each time a risk assessment is undertaken.
Although several other explanatory variables have been iden-
tified as being useful in screening species for invasiveness, a
significant portion of variation seen in establishment success
remains unexplained. It is therefore important to explore
additional explanatory variables and to determine the value of
readily available data for making predictions. Here, we show a
trend in establishment indicating that species with more
distant relatives, i.e. those that are phylogenetically novel, are
more likely to establish than those with closer relatives, which
are less novel. Our sample of introduced species is limited and
may be influenced by phylogenetic non-independence, high-
lighting the possibility that observed patterns perhaps have less
to do with relatedness of introduced species to native ones, but
rather relatedness of successful species to one another, with a
select few taxonomic groups being more likely to invade than
others. Nevertheless, data from our work add a new dimension
to current interpretations of invasion patterns and provide an
opportunity to incorporate ecological interactions into the
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prediction of future introduction outcomes (the roles of which
have largely been overlooked as these are notoriously difficult
to quantify). The increase in available literature pertaining to
relatedness among and between different groups of species
from all taxonomic groups provides increased opportunity for
creating supertree and gene tree phylogenies, in turn allowing
the incorporation of this important explanatory variable into
the analysis of species establishment potential.
METHODS
Exploring Darwin’s naturalization hypothesis using phyloge-
netic relatedness assumes that this metric is a convenient proxy
for ecological similarity. However, closely related species do
not always use their habitat and environment in the same way,
which may result in phylogenetic relatedness not mapping
predictably onto ecological similarity. To assess our use of
phylogenetic similarity in this context, we gathered data on 37
ecological traits for each native and introduced species and
used these data to determine whether groups of species that
have similar ecologies are indeed closely related phylogenet-
ically. Ordination analyses were performed in R v. 2.10.1 (R
Development Core Team, 2010) using the functions vegdist
and metaMDS (package vegan, 1.17-0; Oksanen et al., 2010),
and outputs were produced in the form of both plots and
dendrograms. Because this was not the primary focus of this
paper, our methods are detailed in the supplementary material
(Appendix S1, section S1.1).
For the phylogenetic analyses, we could not find a reptile
phylogeny spanning the breadth of reptile taxa native and
introduced to California and Florida. Therefore, we started by
constructing a family-level supertree based on the consensus of
existing phylogenies to use as a reference. This tree provided us
with a basic understanding of the relationships among reptile
groups. However, because such a tree has no branch length
information, we sought sequence data to produce a more
detailed phylogeny. Sequences were downloaded from GEN-
BANK where available for both native and introduced alien
species in California and Florida for two nuclear (cmos, 46%
missing data and RAG1, 54% missing data) and three
mitochondrial genes (ND2, 45% missing data, ND4, 40%
missing data, and cytb, 14% missing data) (see Appendix S2
for accession numbers). Sequences were aligned using BioEdit
v. 7.0.9 (Hall, 1999) and Se-Al v.2 (Rambaut, 1996). MrMod-
eltest v.2.3 (Nylander, 2004) was used to assess the appropriate
models to use for nucleotide substitution for each gene.
Separate phylogenies were inferred for each gene as well as for
the entire dataset for California and Florida using Bayesian
analyses in MrBayes v. 3.1.2 (Huelsenbeck & Ronquist, 2001).
Analyses on the full dataset were run for 1,000,000 (California)
and 1,300,000 (Florida) generations, sampled every 100
generations, using five chains. We discarded all samples
obtained prior to stationarity as burn-in (3000 samples for
the California tree and 6000 for the Florida tree), that is the last
7000 trees (samples) were used to construct 50% majority rule
consensus trees for each region. Only the species for which at
least two of the five genes of interest were available were
included in these trees (this constituted 85% of native and
introduced species in California and 70% in Florida). The
remaining species were added to the phylogenies afterwards,
using Mesquite v. 2.71 (Maddison & Maddison, 2009). These
species were positioned on the basis of available literature and
individual gene trees where data were available for one gene
(see Table S1). Placement of the Acrodonta (Cope 1860,
Agamidae and Chamaeleonidae) proved problematic. This
group has evolved relatively fast increasing the chance of long-
branch attraction (Vidal & Hedges, 2005), the phenomenon
where groups that evolve faster accumulate more mutations or
DNA substitutions than those that evolve slowly, which over
time may result in shared DNA sequences by chance rather
than common ancestry. As a result, the analysis placed the
group basal to the snakes instead of the rest of the iguanid
group. We therefore included this group basal to iguanids
subsequent to the analyses, although our results were not much
affected by the choice of tree.
Introduced species were grouped as failed or established
based on available literature and online databases and lists
(including: King et al., 1996–2010; Florida Fish and Wildlife
Conservation Commission, 1999–2010, Nafis, 2000–2010;
Meshaka et al., 2004; Kraus, 2009); these data were checked
by herpetologists in the region (see Acknowledgements). We
acknowledge that there may be some introduced species that
we have missed or have excluded because of contradictory
reports on their establishment. However, we feel that we have
a very representative sample of introduced species in both
regions. Phylocom (Webb et al., 2008) was used to calculate
two distance metrics on the trees, using the function
ICOMDIST (see Strauss et al., 2006). First, we calculated the
mean phylogenetic distance (MPD) between each introduced
species and all native species in each region (California or
Florida). This indicated the potential interactions among
introduced species and all native species in the community.
Second, we calculated the distance of each introduced species
to its nearest native neighbour/relative (NN). This allowed for
a more direct (and robust) test of Darwin’s hypothesis by
indicating the degree of similarity and associated likelihood of
competition between each introduced species and its closest
evolutionary analogue. A nonparametric Kolmogorov–Smir-
nov two-sample test was used to test for differences in MPD
and NN between successfully introduced species (those where
extant breeding populations still occurred) and species that
had failed to establish. The tests were repeated using 1000
bootstraps of randomly resampled data to account for
potential phylogenetic non-independence of successful or
failed species. All analyses were run using both trees with
and without the addition of the data-deficient taxa (those for
which <2 genes were available). We also calculated the overall
phylogenetic diversity (PD; Faith, 1992) of native reptiles in
both California and Florida because lower PD may predispose
communities to invasion.
Last, because established introduced species could interact
with subsequently introduced ones in a similar way to native
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species, we re-evaluated MPD and NN for each species
including the species that had been established for at least
5 years prior to the subsequent introduction of new species in
the same category as natives (see Appendix S1, section S1.2 in
Supporting Information). However, this was done for com-
pleteness, because most species established in California and
Florida have not had sufficient residence time to become
widespread enough to have significant impact in this regard,
making it unlikely that this factor will complicate our results
and interpretations.
RESULTS
To our knowledge, our trees represent the first exclusively
molecular phylogenies that span all reptiles. The trees obtained
for California and Florida reptiles were congruent with the
available literature (and our supertree – see methods) (Fig. 1;
Figs S1 & S2). Several polytomies have been reported in the
literature and we were unable to find strong support to resolve
these [e.g., the relationship between anguimorphs, snakes and
iguanids (Townsend et al., 2004; Vidal & Hedges, 2005) as well
as the inter-relationships within the Iguania (Schulte et al.,
2003)]. The placement of the Acrodonta (Agamidae and
Chamaeleonidae) was somewhat problematic because of long-
branch attraction, but was dealt with as detailed in the
methods.
Initial analysis of the dataset showed that the distribution of
the MPD for failed species was left-skewed, i.e. most failed
species had low MPD, whereas the distribution for successful
species was more normally distributed (Fig. 2a). A similar,
though more pronounced, pattern was observed for the nearest
neighbour (NN) distances (Fig. 2b). In Florida, established
alien species were significantly more distantly related to native
species from the entire reptile community than species that
failed to establish, although there was high variation among
species (average MPD for established species: 1.27 units ± 0.20
SD, n = 39; MPD failed species = 1.15 units ± 0.14 SD,
n = 43; P = 0.006). There was no significant difference between
the mean nearest neighbour distance of established and failed
species because of a high variation in successful species,
although failed species tended to be more closely related to
native species (Fig. 2b; average NN established species: 1.12
units ± 0.89 SD, n = 39; average NN failed species = 0.84
units ± 0.77 SD, n = 43; P = 0.1). Trends were similar,
although non-significant in California; this was probably as a
result of a very small sample of established species (n = 49, 8
established, 41 failed). When data from both regions were
combined, reptiles that were more distantly related to the entire
reptile community were significantly more likely to establish
(average MPD established species: 1.29 units ± 0.20 SD,
n = 47; average MPD failed species: 1.20 ± 0.18 SD, n = 87;
P = 0.02; Fig. 2a), and again this was also true of the
relationship between introduced species and their closest native
relatives (average NN established species = 0.99 units ± 0.87
SD, n = 47; average NN failed species = 0.64 units ± 0.65 SD,
n = 87; P = 0.01; Fig. 2b). Bootstrapping (randomization) of
the samples had no significant effect on the Kolmogorov–
Smirnov statistic. The test statistic obtained from both the test
of the effect of MPD and NN on establishment outcome fell
well within the 95% bootstrap confidence intervals. Results
from the analyses using successfully introduced species in the
same capacity as natives were inconclusive and can be found in
Appendix S1 (section S1.2).
The ordination analyses that sought to determine whether
phylogenetically related species shared common ecological
functions showed a high level of clustering at genus, family and
order levels. This provides good evidence that the ecological
traits considered in this analysis are phylogenetically conserved
at these levels, and that patterns emerging from our phyloge-
netic analysis are ecologically meaningful. However, although
ordination of ecological traits did identify higher-order
taxonomic groups (e.g. all turtles clustered together), separa-
tion of these groups in space did not reflect the relationships
between these groups as clearly (Fig. 3 and Fig. S3 – California
and Fig. S4 – Florida). For example, in the ordination analysis,
crocodiles clustered closer to snakes that occur in or spend part
of their active period in water, despite being more closely
related to the turtle group that clustered further away. There
are few native Gekkonid and Iguanid species in Florida, but
many introduced species from these groups, while the opposite
is true in California (Fig. 3). Two species stood out as being
relatively far removed from other species belonging to their
respective taxonomic groups and indeed far from any other
species. These were a native Californian sea-snake (Pelamis
platurus, Serpentes) and a lizard introduced to Florida
(Cordylus cordylus, Iguania). Both these species are ecologically
and phylogenetically quite different to all the other native and
introduced species.
DISCUSSION
Our results provided weak support for Darwin’s naturalization
hypothesis (i.e. the preferential establishment of ecologically
novel species) – the first evidence of this for terrestrial
vertebrates. We will first discuss the most plausible reasons for
finding such a pattern before expanding on the potential
shortfalls of these explanations in the light of the high variation
observed (Fig. 2) and the limited phylogenetic sample of
introduced species. The preferential establishment of species
with no close relatives is typically interpreted to be the result of
one of three processes. The first is competitive exclusion. This
has been documented for several reptile invasions. For
example, introduced gecko species from the genus Hemidacty-
lus have outcompeted previously established congeners in
Florida (Meshaka et al., 2005, 2006) (with more examples in
other areas). These initial invaders would perhaps not have
been successful had the order of introduction been reversed.
Species in our study that failed to establish may have been
prevented from doing so by superior closely related native
competitors (low NN distance), while species with more
distantly related ancestors (higher NN) would be less affected
by direct competitors, possibly allowing them to establish.
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Secondly, the presence of closely related species may
also increase the chance of predation and the spread of
host-specific parasites and diseases. Furthermore, species
may be more susceptible to disease where competition is
higher (Irschick et al., 2006, although this study looked at
intra-specific competition). Disease transmission from native
to alien species is however rarely documented, with research
effort focusing on the transmission of new diseases from











Figure 1 Phylogenetic relationships of reptiles native and introduced to California inferred from two nuclear (c-mos and RAG 1) and three
mitochondrial genes (cytb, ND2 and ND4). This tree was obtained from MrBayes Bayesian analyses and does not include added taxa.
Branches are proportional to the number of DNA changes. Groups are colour-coded by order, suborder or infraorders as in Vidal & Hedges
(2005). More detailed trees for California and Florida including added taxa are available as supporting information (Figs S1 & S2).
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The third process is more complex: in addition to release
from competition, introduced species may, if sufficiently
different from natives (high NN and high MPD), also be able
to exploit unoccupied niches (Reed & Rodda, 2009). A classic
example is the brown tree snake (Boiga irregularis), which
devastated the local fauna on the island of Guam, although
the phenomenon of ‘island tameness’ – the lack of adapta-
tion to predators – was crucial in this case (Fritts & Rodda,
1998). The case of birds introduced to Florida presents a less
extreme and more instructive example. Allen et al. (1999)
and Allen (2006) showed that native bird species in southern
Florida can be grouped discontinuously in body size
aggregations and that successfully introduced birds aggre-
gated at the edge of these body size aggregations and were
also significantly more dissimilar in size to native species
than were unsuccessful species. Species within these size
aggregations are expected to compete for similar resources,
although perhaps at different scales. Dissimilar species may
therefore escape competition through novel utilization of
available resources. Python molurus (the Burmese python)
provides a good reptile example. Florida has no native boas
or pythons and indeed no constricting snakes that grow to
the size of the introduced Burmese python. The ecological
ordination illustrates that boid species (boas and pythons)
cluster together but separately from native snakes (Fig. 3,
top cluster of introduced species). Of these species, the
Burmese python has had the highest propagule pressure
(Kraus, 2009) and was in the best position to exploit the



























Figure 2 (a) Distribution of the mean
phylogenetic distance (MPD) between
alien reptiles introduced to California and
Florida and species native to these states.
(b) Distribution of the phylogenetic
distance between introduced reptiles and
the nearest native neighbour/relative (NN)
in California and Florida. White bars
indicate species that successfully estab-
lished populations, and black bars indicate
species that failed.






















































Figure 3 Two-dimensional ordination of
37 ecological variables, indicating the
relative position of species in ecological
space in (a) California and (b) Florida.
Each dot represents a species. Species are
colour-coded by higher order as in Fig. 1.
Further, established introduced species are
circled in black, while failed introduced
species are circled in grey. Native species
are not circled.
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unoccupied Florida niche, while encountering almost no
predators.
As our study considered only presence/absence at the scale
of the whole states (California and Florida), it is very unlikely
that a given introduced species actually experienced contact
with all potential competitors. The fact that we detected a
pattern at all indicates that forces operating across multiple
spatial scales must be implicated. Large regions of Florida and
some regions of California are highly disturbed, and low
abundances of native species have been documented through-
out Florida (Meshaka et al., 2004). Therefore, in many
instances, we are observing the ability of species to survive
and compete in human-modified areas. Species that evolved or
have adapted locally (native and introduced) may no longer be
favoured in competitive interactions. Thus, the trend in success
documented here (i.e. a tendency for successful species to be
novel) may result when more distantly related species from
further afield, which are perhaps not pre-adapted to survive in
natural environments in California and Florida, can survive in
disturbed areas where certain key limiting factors are reduced/
eliminated. Furthermore, habitat disturbance may reduce the
variety of niches available to species, increasing resource niche
overlap (Luiselli, 2006). Where habitat use may be partitioned
(Harmon et al., 2007) between similar sympatric species in
pristine environments, the disturbed nature of many of the
habitats available to invaders in Florida and some parts of
California may increase competitive interactions, reinforcing
the exclusion of similar species and those that are preferentially
adapted to more pristine environments. Lastly, the overall PD
of a region may play some role in mediating whether
introduced species are likely to meet a superior competitor.
In regions with higher PD, the likelihood of meeting a
competitor is greater. Although we have no data from other
regions, the low PD of Florida (0.439) compared to that of
California (0.677) could contribute to the high number of
invaders in the region (although the higher introduction
pressure in Florida complicates the evaluation of the role of
this factor).
Having discussed a series of possible explanations for the
preferential establishment of less closely related species, we
need to consider the substantial variation in NN and MPD for
both failed and successful species and that many of the
successful species are closely related (e.g. anoles and geckos).
Elucidation of the latter caveat is crucial for interpreting all
past and future tests of Darwin’s hypothesis. Several studies
across multiple taxa have shown that certain lineages are
simply more invasive than others and succeed at much higher
rates when introduced to new areas (Pyšek, 1998; Richardson
& Rejmánek, 2004; Cadotte et al., 2006: plants; Bomford et al.,
2009: reptiles and amphibians; Shirley & Kark, 2009: birds).
The trends seen in the phylogenetic signal are most likely
masking the dominant role of taxon-specific traits in a few
notoriously successful invader groups. The ordination analysis
provides a neat representation of this. For example, Gekkonids
and Iguanids, represented by a comparatively depauperate
native fauna (Fig. 3), have been introduced to Florida in
comparatively high numbers. The high number of introduc-
tions from these ecologically and phylogenetically unique
groups may account for the observed pattern of novel species
being more successful.
Although rigorous tests of Darwin’s hypothesis are rare,
with many performing tests based on presence/absence of
species using membership of a genus as a surrogate for
relatedness, as Darwin did, the increase in the availability of
robust molecular phylogenies will undoubtedly change this.
Nearly all tests of this hypothesis and indeed 44% of all
invasion biology papers recorded by the Web of Science, up
to September 2006, dealt with plants, only 15% dealt with
vertebrates and 2% with ‘reptiles and amphibians’ (Pyšek
et al., 2008) [of which a very large proportion deal with only
two amphibian species – Rhinella marina and Xenopus laevis –
which makes the under-representation of reptile studies even
more striking]. There is clearly a need for more work to be
carried out before robust conclusions can be reached and
general rules laid down regarding vertebrate (and especially
reptile) invasions. The increasing use of molecular phyloge-
nies will play an important role in doing so. It is very
important that future studies consider the effect of phyloge-
netic non-independence of samples (Felsenstein, 1985), and
that phylogenetic measures may be masking the true causes of
observed invasion patterns, if species are closely related.
Although we cannot identify a specific mechanism for the
pattern we observed and our interpretation of the patterns may
be clouded by non-independence, our results nonetheless have
important implications. These results set the platform for
further studies to explore the role of biotic interactions in
structuring vertebrate assemblages, whose dynamics have
mostly been studied with reference to predator–prey relation-
ships and competitive interactions (Vellend, 2010; who pro-
posed some interesting alternatives). Simple models invoking
degrees of phylogenetic similarity/dispersion may be able to
explain just as much variation as traditional ones. Again, most
of the current literature on phylogenetic perspectives of
community composition deals with plants and invertebrates,
although we hope that our work will stimulate further work in
this direction for vertebrate communities. Reptiles (and other
vertebrates) are increasingly traded globally as pets. There are
mounting concerns about the role of this trade in introducing
potentially invasive species, pests and pathogens (van Wilgen
et al. 2010). Very few data are available on how reptile species
behave in new environments and factors that may be useful in
risk assessments are often difficult to quantify or are poorly
understood (Bomford et al., 2009; van Wilgen et al. 2010).
Our results suggest that an easy-to-measure phylogenetic
perspective could be incorporated into multi-factor risk
assessment models.
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Additional Supporting Information may be found in the online
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Figure S1 Phylogenetic relationships of reptiles native and
introduced to California inferred from two nuclear (c-mos and
RAG 1) and three mitochondrial genes (cytb, ND2 and ND4).
Figure S2 Phylogenetic relationships of reptiles native and
introduced to Florida inferred from two nuclear (c-mos and
RAG 1) and three mitochondrial genes (cytb, ND2 and ND4).
Figure S3 A dendrogram representing the ecological distance
between species native to and introduced to California.
Figure S4 A dendrogram representing the ecological distance
between species native to and introduced to Florida.
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Appendix S1 More detail pertaining to methods, results and
discussion of additional analyses performed including (S1.1)
ordination analysis of 37 ecological traits to determine whether
species with similar ecologies are close phylogenetic relatives
and (S1.2) analysis using successfully established species in the
same category as natives relative to species introduced
subsequently.
Appendix S2 GENBANK accession numbers for sequences
used in the construction of molecular phylogenies for intro-
duced and native species in California and Florida.
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